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RESEARCH MEMORANDUM
for the

Bureau of Aeronautics, Navy Department

HYTRODYNAMIC CHARACTERISTICS OF A %6-5125: POWERED
DYNAMIC MODEL (F THE XPSY-1 FITTNG BOAT IN
SMOOTE WATER - TANGLEY TANT MODEL 228C-L
TED NO. NAGA DE309

By Roland E. Olson, Mervin I. Haar, and David R. Woodward
SUMMARY

An Investigation of the hydrodynsmic charecteristlics of a
-f-é-size powered dymemic model of the XPSY-1 flyirg bost was made

in Langiey tank no. 1. ALt aft locabtions of the cember of greaviby,
the basic model was unsteble when landed at Low trims (nsar 5°).
This instebility was reduced by & forwerd movement of the center
of gravity, & resrward movemsnt of 'E}%e step, an Increase 1r plan

form of the step fram 30°-vee to 1!-5% ~vee, or & reduction in the

engle of afterbody keel. A reduchtion in the angle of afterbody
keel greoeler than 1° caused excessive upper limlt porpoising
et high landlirg trims.

Steble teke~offs for the basic model were possible ab all
practicable positicns of the center of gravity and fiap deflectlons.
An Increase in gross load of 21.5 percenbt, and an Increase in
forward acceleration frcam 1.0 to 4.5 feet per mecond per second
had no appreclable effect on the stable range for take-off. The
change Tn the Jlocatlon end plan form of tho mein gtep reduced the
stable range slightly. A decrease in the angle of afterbody keel
reduced the stable range epproximetely 2 percent mean serodynsalc
chord per degrsese change of angle of afferbody keel.

Spray ln the propellers was light ab the deslgn gross load,
and wes not consldered excessive at a gross load of 150 pounds.
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INTRODUCTION

An investlgation of the take-off and landing sbabllity of a
%-size model of the Consolidated ICP5Y -1 flying boat has been made
in Lengley tenk no. 1. The XP5Y-1 is a four-engine, 123,500-pound,
long-range flylng buat, deslgned o operate at a cruising speed
conslderably higher than that of most contemporery flying baats.
This design is of particular interest in that relatively high wing
loading, low power loading, and high length-besmt reatio are used.

The 1lnvestigation was requested by the Bureau of Aeronautics,
Navy Depertment, in their letter dated July 18, 1946, Aer-IE-31, 52931.

The principal purpose of this report is to meke the hydro-
dynemic data most pertinent to this particular airplane immediately
available to the Bureau of Aeronautics, Wavy Department, and the
Congolidated Vultee Alrcraft Corporation. The take-off and landing
characteristice of the baslc model are presented together with data
for several modiflcations that improved the landing characterilstics.
A1l of the modiflcations represent changes exbternal to the basic
model.

Messrs. E G. Stoubt and F. L. Thornburg of the Consolldated
Vultee Alrcraft Corporation witnessed most of the tests.

SYMBOLS
cr, serodynsmic 1ift coefficlent | LEfl_
Losve
2
Cp aerodynamic pltching-mement coefficient
=]
=pSV-¢
2
Ts effective thrust, pounds (' - AD = Dy + R)
where .
g meen aerodynemic chord (M.A.C.), feet
Do dirag of model without propellers, pounds
AD increase in drag due to slipstream, pounde

-
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M aerodynemic pltching moment, pound-feet

R measured resulbent horizontal force with power on, pounds
p denglty of elr, slugs per cublc foob

s area of wing, square feet

T propeller thruyst, pounds

Y

carriegs speed, feet per second {approximately 95 percent
of a.irspeed.s

Other synbols ares:

8o elevator deflection, degrees

Bp flap deflection, degrees

B4 stebilizer setbting, degrees

T trim, degrees (emgle between base line of hull and weter
Plane?n

Ty, lending trim &t contact with waber, degrees

DESCRTPTION OF MODEL

The i%-size povered dynemlic model used in the investigabtlon was

designed end constructed by the Consolidatied Vultes Aircraft Corpora-
tion. A phobograph of the model on the btowing apparabtus in Langley
tank no. 1 is shown in figure 1, and a three-view drawing of the
basic configuration, designeted Langley tark model 228C-1, is shown
in figure 2. Pertinent dimensions of model 228C-1 are given in
table 1. .

The deslgn of the hull iIs descrilbed in reference 1. It had a
forebody length-beeam ratio of 5.8 and an afberbody length-beeam
ratio of 4.2, meking an over-all hydrodynamic retio of 10.0. The
forebody bottom was straight for approximetely 2/3 beam forwerd of
the step cenbroid and the dead rime increessd rapidiy ab forwardi
sbations to form an extremely sharp bow. The amgle of dead rise of

o
the straight forebody end the afterbody was 22% +» The step had &

30°-vee plan form with its centroid at 31.3 percent of the projscted
mean gerodynemlc chord end e depth at the centroid of 14.2 percent
beem. The angle between the forebody and afterbody keels was 6.5°.
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The following modificetions were investigated:

Model 228p-1.- Basic model with step moved aft 0.89 inch,
k.5 percent mean asrodynamic chord. The depth of step at the centroid
was increesed from 14.2 percent beam to 15.0 percent beam by this

chenge. (See fig. 3(a).)
Model 228H.~ Step plan form of basic model increased to h5%9-vee

by adding blocks to the original 30C-vee. The depth of step at the
chine was the same ag that of the basic medel. The depth at the
controld and the position of the centroid were the same as those
of model 228D-1. (See fig. 3({b).)

(o)
Model 228a-1.- Basic model with 5% angle of afterbody keel.
{See fig. 3(c).) 2

Model 2287~1.- Basic model with h%‘-oangle of afterbody keel.

(See fig. 3(c).)

Model 228T.- Besic model with depth of step at the centroid
reduced, from 1k.2 percent beam to 11.7 percent beem and a 5° angle
of afterbody keel. (See fig. 3(d}.)

APPARATUS AND PROCEDURE

The epparatus end general procedires used for testing powered
dynemic models sre described in references 2 and 3.

The propellers were set at a blade engle of 10.0° at the 3/4 redius
and rotated at 5250 rym to provide teke-off thrust. The effective
thrust was messured at O° trim, fleps at 0°, and the step 8.0 inches
above the water. This thrust is shown in figure I together with
that corresponding to the full-zsilze thrust as estimated by Consolidated
Vultes Aircraft Corporation.

In oxder to provide deta from which the approximate load on the
wabter could be estimated, the aerodynamic 11ft and pliching moment
were measured with the model in the same position as that used for
determination of the effective thrust. Date were cobtained with
and without power for two stebilizer settings (0° end -2° to the
bese line)} and several flap and elsvebor deflectionze. The pltching
moments were yeferred to a center-of-grevity locatlon of 25 percent
mean asrodynemic chord. The aerodynamic 1ift and pitching-moment
coefficients, power off, are plotted in figure 5. The pltching-

SNy
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moment coefficients with 20° fleps, and neutral eolevators, powsr off,
and with ground effect, estimated by Consolidated Vultee Alrcraft
Corporation, are also plotted in figure 5.

The aerodynemic 1ift and pitching momwent, with powsr, are plotied
in figure 6. On the basis of these tests a stabllizer setbting of -1°
was used for the remainder of the investigation.

The landing stebility vas determined by flying the model at e
dosired landing trim and then uniformly decelerating the towing
carrisge (rate of deceleration, approximetely 2 feet per second per
second) to simulate the landing meneuver. The variation of trim,
vertical positlon (rise), and speed were elsctrically recorded. The
rise was set abt zero with the model at zero trim and with the stsep
Just touching the water. A contact was installed at ths step to
electrically record the polnts at which the step entered and left the
water. A similer contact indiceted the point at which the stermpost
Tirst touched the water when lanced at high trims. The tests were
mede with 1/4k thrust and flaps deflected 50° (gap at top surface taped)
and & normal gross load of 123.5 pounds.

The trim limits of stability were obbtelned with full thrust and
take-off flaps (20°).

The range of stable position of the center of gravity wes dster-
mined by making take-offs with full power at a constant rate of accel-
eration of 1.0 foot psr second per sscond and fleps deflected 20°.

On the baslc configuration, the center-of-gravity limits were alsc
obtained at en accoleration of k.5 feet per second per second, and for
several elevator deflections, gross loads, and flap deflectlons.

With teke-off power, flaps deflected 20°, and the center of
gravity at 30 percent mean aerodynamic chord, the excess thrust was
measured for model 2283-1 at hump speeds fcr gross loads of 123.5 s
135.0, and 150.0 pounds and elevator deflections of 0° and -10°. This
oxcess thrust ls the net accelerating force for the model.

The spray characteristice were cbssrved during teke-off and
landing runs. The range of speeds over which spray struck the pro-
pellers and flaps was determined for model 228D-1 during slowly accel-
orated runs (rate of acceleration approximetely 0.5 foot per second
per second). Photographs of spray were obtained for model 2287-1.

RESULTS AND DISCUSSICN

The hydrodynamic characteristics of model 228C-1 (basic model)
were determined in detail. Sufficlent date were chtained for sach of
the modifications to show the effect of the change and to provide cor-
rectlons thet can be applied to the more detalled results for the basic
model. _

SRy
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Of the hydrodynamic characteristlics determined during this inves-
tigabtion, the landing stability eppeared to be of first Importance;
the modifications were included in the program princlpally because of
thelr effect on the landing stebility.

speed with time for typicel landings at trims fram 3° to 14°.

Lending Stebility

The landing behavior of each of the configurations ls presented
ag & landing record showing the variation of trim, rise, and forwerd

These

rogults are summerized as a plot sgelnet trim at first contact of the
number of skips (main’ step lesaves the wa’oe:r:), end the meximum and mini-
mum trim end rise that occcurred durlng the greatest osclllation
encountered In the landing. The model deslgnations, identifying descrip=-
tions, and flgure numbers are presented In the following teble:

Center of gravity,|Leanding record,|Swmery plob,
Model |[Identificetion percent M.A.C. flgure ? Tiguro
228¢c~-1 Bagic model,

% keel angle 34, 30, 26 7(a), o), Kc) | 8(a),8(b), &e)
228D~1|Step moved aft 34 g9 10
2281 S‘beg plen form,

1#5%"— ~vee 34 i1 1z
228g-1 5%0 keel angle 34 13 1k

o)
228J-1 % keel engle 34 15 16
228T |5° keel angls,

shallow step 34 17 18

Basic model (model 228C-1).- With the cemter of grevity at
34 percent mean aerodynemic chord the model was violently unsteble

when lended at trims near 5° (figs. T{a) end 8(a}).

As mary as

gix skips were recorded on these lendings; this skipping was
accanpanied by large chenges in rise (7 inches ebove the water)
end by lerge chenges in trim (10°) with a meximm trim of approxi-

metely

Lhe.

With the center of gravity at 30 percent meen =merodynemlc chord
(fige. T(b) end &(b)) +the motion of the model was less viclent then
thet ab 34 percent mean aercdynamic chord; & meximum instebillity
appearsd as a change In rise at landing trims of approximately 50,
but only two skips occurred.

Y
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The results obtained with the center of gravity at 26 percent
mean aevodynemic chord ere presented in figures 7{c) and 8(c).
Curves Ffor landings at 30 and 34 percent mean aserodynemic chord
are also included in figure 8(c). With the center of gravity at
26 percent mean aerodynemic chord, the motion of the model was
less violent than that et 30 percent msan asrodynemic chord.

The meximum change in rise again appeared at trims near 5%, but
the number of skips was reduced to ons. One skip also occurred
when the model was lasnded without an afterbody (desp step).
Inasmuch as the one skip eppeered to be an inherent characteristic
of the forsbody, and sinse the changes in trim and rise were not
large with the center of gravity loceated at 26 percent mean asero-
dynamic chord, these landings were consldered satlsfactory.

At high landing trims the stebility was considsred satisfactory
at all positions of the center of gravity.

Effect of movine the step aft (model 228D-1).- The landing

8tability of the model with the step moved aft is shown In figure 10
and compared with that of the basic mcdel and thet of the model with-~
out an afterbody. The violent instability thet occurred for the
besic model at landing trims near 5° is greatly reduced. The results
for model 228D-1 compare favorably with those cbtained Por the model
without an afterbedy (deep step). ILandings of model 228D-1 were
considered satisfactory. The after movement of the step increased
the landing stability, (1) by increesing the depth of step, and

(2) by offectively increasing the relative disbance betwsen the
center of gravity and the step.

Effect_of o _in g len form (model 228H).- The results
for model 228H are compered in figure 12 with those of the besic
model. Results for model 228D-1 are also included in figure 12
inasmuch as the depth of step at the centroid and the position of
the centroid were the same as those for model 228H. The instebility
that sppeared at landing trims near 5° for the basic model did not
occur for model 228H. The results with a 30%-vee step (model 228D-1)

)
and & 1&5%— -vee step (model 228H) were quite similer. Larding
stability of model 228H was considered satisfactory.

Effect of change in angle of afterbody keel. constent depth of
gtep (nodsls 228C-1, 228¢4-1. 2287~1).- A sumery plot of the landing
characteristics for the model with an angle of afterbody kesl of

o
1!-%—- (model 2285-1) is shown in figure 16 together with curves of
similar date for models with angles of afterbody keel of 6%'—0

o
(model 228C-1) and 5-2]= (model 228G-1). The violence of the skipping

.
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at low landing trims (near 5°) was reduced with decrease in angle of
afterbody keel. Thie ‘btrend has been nolted during tests of other
models having conventicnal length-beam ratiom. Although the stabllity
at low landing trims was improved by decrease in angle of a.f-berbody
keel, stability at high lending trims was impaired. With a 6.1_- angle

of afterbody keel, some upper limit porpolsing occurred when la.nd.ing
trims exceeded l3° With a 5 aengle of afterbody keel this porpoising

appoared et landing brims abore 12°, and with & %" angle of afterbody

keel, at landing trims above 10°. The degree of this instebility is
best illustrated by comparison of the landing records of figures T(a),
13,and 15. A decreasse in the angle of afterbody keel lowers the
upper trim limlt of gtedility end wpper limit porpolsing during
lendings at high trims becomes a problem with too low an angle of
afterbody keel.

The model with an angle of afterbody keel of 5%0 represented

the most satisfactory compromise for the three configuratlons on
the tasis of landing stability a‘b trims below 12°. With higher
angles of afterbody keel then 5- , ekipping was violent at landing

trims neay the angle of after'body keel; with lower angles of after-
body keel than 5%- , upper limit porpoising occurred at high landing

trims. A compardison of these date with those presented in figures 10
end 12 shows that the number of skips, a.nd the change in trim end
rise during landings of the model with a 5_ angle of afterbody keel

are greater than those for the model with the step moved aft
(model 228D=1) and the model with a lﬁl -vee step (model 228H).

Effect of a _r_gduction in engle of afterbody keel and Jdepth of
ptep (model 228T).- The lending records for model 228I (fig. 17T)
show that landings at low trims were relatively stable but, at
lending trims above lol upver limit porpolsing becomes an importent

conglderation. Inasmuch ag a decrease in depth of step end angle of
afterbody keel both tend to lower the upper trim limits, this upper
limit porpoising mey be expected at high landing trims.

The simllarity between the behavior of model 228T and
model 2285-1, which hes approximastely the sems stermpcost angle, is
shown in the sumary plot {fig. 18). The landing stability of
model 228T waes not considered setisfactory because of the upper limit
porpolsing at high trims.

ey
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Take~0ff Stability

The veriation of the trim with speed (trim trecks) was deter-
mined for each of the models. The maximum amplitude of porpoising
was determined during the teke-off rune and plotted against position
of the center of gravity. From such plots, the forward and after
limits for stable positions of the center of graviiy were determined
with various deflections of the elevators. An ampliltude of porpoising
of 2° was asswmed to be the maximum permissable emplitude for adeauate
take-off stabllity. DPositions of the center of graviity between the
forvard and after limits were designated as the steble range.

An oscillation in pitch, due to spray striking the horizontal
tall, was Observed at trims between the trim limits of stebillity.

. . O
The amplitude of this oscillation veried from g_-; to elmost 2°, bub

generally was approximately 1°. On the Tigurez showing the teke-off
trim tracks, vertical hatch lines are used to indicate thils oscilla-
tion. Actual upper or lower limit porpolsing of less then 1° ampli-
tude 1s shown with & porpoising loop enclosing the vertical hatch
lines.

- The trim limits of steblility, both lower and upper, were deter-
mined on the basic configuration, mcdel 228C-1, at the design gross
load of 123.5 pounds and flaps deflected 20° (teke-off position); -
the upper limits were also determined with zero flaps. Complste
trim limits were obtained for svbsequent modifications with the
exception of models 228G-1 and 228I. The trim limits for the latter
two configurations were estimated by interpolation and extrapolation
reapectively. Wherever avallable, the Trim limits of stability have’
been superimposed on typlcal take-off trim tracks so that the relation
of the trim limits to the trim tracks with neutral and up elevators,
and et forward and aft locatlons of the center of gravity can be seen.

Figures showing the results of the take-off investigation,
together with the modsl numbers, are presentsd in the following
table:
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Model Gross Flep A?ce?eragion Figure numbexrs
load, deflection} (ft/sec
(l'b (d.eg) Trim Maximm C.3-
tracks| emplitude | 1imits
228c-1] 123.5 0 1.0 19(a) 20(a) 20(b)
20 1.0 19(b) 20(a) 20(b)
Lo 1.0 19(c) { 20(a) 20(Db)
136.0 20 1.0 121 QEéa) 22(b)
150.0 20 1.0 21 22(a) 22(b)
123.5 20 k.5 23 2k(a) 24(b)
228p~1] 123.5 20 1.0 25(a) 255‘0) ——-
228H 123.5 20 1.0 26({a) 26(b) -——-
228c-1; 123.5 20 1.0 27(a) 27(b),29(a) 29(b)
2287-1] 123.5 20 1.0 28(a) 128(0),29(a)| 29(b)
2281 123.5 20 1.0 30(a) 30(b) -

Basic model (228¢-1).- Teke-offs were possible at positions of
the center of gravity from 21 percent to 36 percent mean aerodynemic
chord with deflectlons of the flaps of 0°, 20°, and 40° (fig. 19).
With flaps deflected 40° and at forwerd positions of the center of
gravity, up slevators were required in order to avoid lower limit
porpolsing and to trim uwp for take-off at high speeds. With the
center of gravity located at 22 percent mean serocdynesmlc chord and
elevators deflected -15°, the model took off at a trim of 6.4° and
a speed of 47 feet per second.

The effect of flaps and elevators on the range of stable
position of the center of gravity is shown in figure 20(b). The
forward and after limits of the center of gravity at which take-off
sbabllity 1s adequate can be determined from this figure for any
combination of elesvator and flap deflection.

The effect of load on the range of ztable position of the
center of gravity is shown in figure 22(b). An increase in gross
load of 21.5 percent (from 123.5 pounds to 150.0 pounds) moved
both limlte forward approximately 1 percent mean aercdynamic chord.

An increese in acceleration had no appreciable effect on the
trim tracks at speeds where the model was stable (fig. 23%. When
porpolsing occurred, the frequency of the porpoilsing motion was
approximetely the same at rates of acceleration of 1.0 and 4.5 feet
per second per second. Consequently, over the speed range where
the trim track crossed the trim limit of stebllity, fewer cycles
of porpoising occurred for the high acceleration than for the low
acceleration. An increase in acceleration‘from 1.0 to 4.5 feet

<y
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per second per second effectively shifted. the forward limit forward.
approximately 1.0 percent mean aerodynamic chord, and the after
limit aft 0.5 percent mean aerodynamic chord (fig- 24 (b))

The static trim for the basic model at the design gross load
wes veried from L.1° at the forward center of grevity to 5.1° at
the most after center of grevity.

Effect of moving the stevp aft (model 228D-1).- An after move-

ment of the step of 0.89 inch (4.5 percent mesn esrodynamic chord),
shifted the forward end after limits of stability aft by 3 and 2 per-
centt. mean aerodynamic chord, respectively, when compared with corres-
ponding curves.for the basic model 2280-1 (fig. 25(b)). Similar
movement of the stable limits has been observed on other models

when the position of the step has been changed.

The trim limits of sf&'bility for models 228D-1 and 228C-1 were
approximately 'bh_e sams .

Effect of change in step plen form (model 228A).- A change in

gtep plan form from 30°-vee step (model 228D-1) to & h‘j-—o-vee step

(model 228H) hsd no apprecisble effect on the trim 'bracks , trim
limits of stability or stdble range of the center of gravity for
teke-off (fig. 26}.

The static trims of model 2288 were approximately the sems asg
those of the basic model (228C-1).

Effect of chepge in the angle of afterbody keel with constant
depth of step (models 228C-1, 22&G~1, end 228J-1).- A decrease in -

the angle of afterbody keel moved both the low-zpeed pesk of the
lower trim 1limit of stability and the itrim tracks in the displacs-
ment and hump speed range to lower trime. Inasmuch as both the
lower trim limit and the itrim tracks were shifted in the sams
directicn, the forward limit for positions of the center of gravity
for stable taks-~off was not affected apprecisbly by changes in the
angle of after'body keel. A decrease in the angle of afterbody keel
from 6.5° to 1.5° moved the forward linmit forwerd approximately

1 percent mean serodynemic chord (fig. 29). The forward limit was
not determined for the model with a 5.5° engle of afterbody keel
(model 228G-1).

A decrease 1n the angle of afterbody kesl moved the upper trim
limits of stabllity to lower trims, but did not have any appreciable
effect on the trim tracks at high speeds. Consequently, the after
limit of the steble range was shifted forward, as the angle of aftter-
body keel wes reduced. A decrsase in the angle of afterbody keel
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from 6.5° to 4.5° moved the after limit forward 5.0 percent meen
aerodynemic chord (fig. 29). In sumary, a decrease in the angle
of afterbody keel of 20 (from 6.5° to 4.50) decreased the range of
position of the center of gravity for stable take-off 4 percent
mean aercdynamic chord, principally by moving the after limit
forward.

With the center of gravity located at 30 percent mean aero-
dynemic chord, the static trim varied from 4.8° to 3. 7° as the
angle of afterbody keel was changed from 6.5° to 4.5°.

Effect of & reduction in le © terbo keel and depth
of step (model 2281).- A reduction in angle of afterbody keel from
6.5° (with a 14.2-percent beam depth of step at the centroid) to 5.0°
(with en 11.7-percent beam depth of step at the centroid) moved the
forward and aft limits forward approximately 1 percent and L percent
mean asrodynamic chord, respectively, which resulted in & net Qecrease
of 3 percent mean serodynemic chord in the range of stable position
of the center of gravity (fig. 30(b)). This reduction was very
nearly the same as that which would be expscted for a change in
afterbody keel alone (fig. 29).

The static trims of mecdel 228T were approximately 1.0° less
than the stetic trims of model 2280-1.

Take -Off Performance

The excess thrust, avalleble for acceleration in the speed
range near the hump (maximm resistence) with the propellers
developing the scale effective thrust, was determined for
model 228C-1. The excess thrust and trim at the design gross
load, with two deflections of the elevators, and at two overloads
are presented 1n figure 31. These curves have been plotted so
that they have the same general sheps as the resistance curves
used for take-off computations. At the design gross load of
123.5 pounds the net accelerating force at the hump was approxi-
mately 6 pounds. At an overload gross load of 150 pounds, excess
thrust wae not available for accelerating over the hump.

SPRAY CHARACTERTSTICS

Detailed spray obéervations and photographs were made for a
few of the modifications. In the load range of interest for this
deslgn the spray characteristics, in general, were not greatly
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different for.the various models. These data, therefore, are
_presented in order to give an over-all-evaluation of the spray
characteristics.

Photographs of the bow spra.y of model 228.J' -1 are presented in
figure 32. The renge of speeds over which spray entered the
propellers of model 228D-1 i1s presented in figure 33(a). It is
apparent that propeller spray in smooth weter will be no problem
at the design load. For model 228D-1, spray in the propellers did
not appear to be excessive .at a gross load of 150 pounds.

The raﬁge of speed over which spray struck the flaps of
model 228D-1 is shown in figure 33(b). Most of the’ sprey struck
that portion of the flaps near the inboard engines.

Spray wetted the tall turret at speeds from 1% to 21 feet per
second. A typlcal photograph showing the sprey around the tall
turret is presented in figure 3%. The roach from under the after-
body followed the curved sides of The tail extension and tail turret
and, for a very short speed range, weter was over the top of the guns.

During take-off, the forsebody blister wetted the horizontal
tail at speeds gbove 20 feet per second. (See fig. 35.) Thise -
spray, which was broken up by. the action of the slipsitream was not
heavy. During the landing run out, however, the slipstream did
not break up this blister (1/4 take -off thrust) end consequently,
a heavy Jet of water struck the tail. (See fig. 35.) At high
speed, Intermittent spray on the horizontal tail often caused e
small oscillation in trim (less than 2°) dwrinp take-off.

This spray is shown in the photographs of figure 36.

CONCLUSIORS
The bank investigation of the powered. dynemic model of ths

XP5Y -1 flying boat indicated that:

1. At aft locations of the center of gravity the basic model
was unsteble vhen landed at low trims (neer 5°).

2. A forward movement of the center of gravity, a rearward
movement of the step, or a change in step plen form from 30°-ves

to 1;51 ~vee produced satisfactory landing sta'bility .

3. A decrease in angle of afterbody keel improved the landing
stability at low trims, but increased the tendency toward upper
limit porpoising at high trims.
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L. Stable take-offs for the' ‘basic modsl were possible at all
practliczble poslitlons of the center of gravity and flap deflections.
An increase In.gross load of 21.5 percent, and an increase in
forwaerd acceleration from 1.0 to 4.5 feet per second per second
had no apprecieble effect on the steble renge for teke-off.

5. An after movement of the step shifted both the forward
and aft limits of stability a.f'b and reduced the stable range

slightly.

6. A change in step plan form +o l.t%'—o-vee had no appreciable

effect on the teke=-off stability when compared with & modification
having a 30C-vee step with the same depth and position a‘c the
centroid.

7. A decrease in the angle of afterbody keel reduced the stable
renge for teke-off approximately 2 percent meesn asrodynemic chord
rer degree change of angle of afterbody keel, principelly by moving
the efter limit forward.

8. The amount of spray in the propellers was satisfactory st
the design gross load, and 41d not appear excessive when the gross
load was increased 21.5 percent.
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TABIE 1
DIMENSIONS OF BASIC MOIEL 228C-1

Bull:
Meximum beam, In. « « « « « v ¢ v ¢« = v ¢« + ¢ s« e .« ., . 12.0
Length:
Forebody, bow to centroid of main step, IN. « « « + o+ . 69.60
Length-beam ratio . . « . . . c i e e .. 5.8
Afterbody, centroid of main s'bep o s‘bernpos‘b in. ... 50.40
Length-beem ratio . . . . .. R (-]
Tail extension, sternpost ’t,o af'b perpendicular 1n. .« . . 31.7
Over all, bow 'bo aft perpendicular, in. . . s o e« o J3B1.7
Fore'body flat, beams from centrold. . « « s o + « « « = « . 2f3
Depth of step, (30°-vee)
At keel, in. . N I
At keel, percent 'beam s 1~
At cen'broid in. . . i I (o]
At cen'broid percent 'beam e . B B I~
Step :Loca-blon st centroid, pewcent M A c. . .. .. ... .33
Angle of Fforebody keel to base lime, deg "« « » & « « « « . . 0
Angle of afterbody keel to base line deg « . . B - )
Angle of dead rise of fore‘bcdy, at s‘bep (exolud.ing
chire flers), deg - - - . . e e s . . 225

Angle of dead rise of a.fter'body, d.sg . e e e e e e e e 22,5
Helght of center of gravity above bese line, in S Iy % =4

Wing:
Area, 8@ b « « - ¢ ¢ ¢ o v i b b L L d e e s e e e s .. . 2l0
Span, £5 « 4 v v 4 bt i e i e 4 e e e e e e e e e e e . 1k
Roo‘bchord.in.......................26.1
Tip chord, in. . . . e e e s e . 8.7
Angle of wing :anid.ence to 'base line deg « « « 4 . . . 5.0
Mean aerodynamic chord, M\A.C., in. . . . . . . . . . . . . . 18,9
Leading edge M.A.C., aft of bow, i« J . 61.3
Leading edge M.A.C., dbove base line, in. . + + « « . 22.2
Agspect ratlo . - ¢« ¢ ¢ v 4 i i 0 0 e v e e e . 10.0
Fleps:
" Deflection for take=-off, G6g -« « + + o &+ « ¢ 4« o . . . 20
Deflection for landing, G6g « - « « « » + + + + +» « « 50 ('t,aped.)
Horizontal tail:
S 02 S i 5.5
Chord, In. « + ¢ ¢ v v v v « v ¢« ¢ 4 ¢ 4 e s v b 0 e e . . AT.2
Area, stabllizer, 8g £t . . « . « ¢« ¢ ¢« ¢ . v ¢ 4 @ o+« . . 3.3
Area, elevator, sq £t . . + « « « v ¢ ¢ 4 4 0 4 v e e e .. 1.8
Total area, sq ft . . . . s T
Angle of stabilizer set’cinb to base lina, deg s+ « ¢« « + « .« . -1.0
N

NATTIONAL, ADVISORY COMMITTEE FOR AERONAUTICS
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TABIE 1 - Concluded
DIMENSIONS OF BASIC MODEL 228C-1 - Concluded

Vertical taill:
Total area, 89 £H « « » + ¢ ¢ « + o 4« ¢ 2 s 0 o s s e 2.5

Propeller:
BladeSs o+ « s = » » o 5 2 & 5 ¢ o 4 e v s v e o v o8 s s o s i
Di&me’ber, in‘ * . [] T e s s s s v L 3 18. l
Blade angle (3/& ;aﬁius), ﬂeg e e e e e e e e e 10
rypm at full power « « « « « . e s e s v e s e s .« 5250
Angle of thrust line to base line, deg e 2 e w s s = e e T.0

Normal gross 1oad, 1b « « « o v &+ s v « s o o s o s s « o« « 123.5

NATTONAL ADVISORY COMMITTEE FCOR AERONAUTICS
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FIGURE LEGENDS

Figure 1.— Model 228C-1 on towing apparatus. . .
Figure 2.— Model 228C—1. Gensrsl Arrangsment. -(Dimension_s in inches.) : "
Filgure 3.— Modifications to basic model 228C-1.

(a) Model 228D~1. Step moved aft.

{b) Model 228H, 1[-5-;—0 - vee planform of step,
Figure 3.— Concluded.,

(c¢) Models 228G~ and J-1. Angle of efterbody reduced.

(&) Model 228I, Depth of step and angle of afterbody ksel
reduced. :

Figure 4.— Varlation of effective thrust with speed. Trim, 09; 3 Bp = 0°;
5 = 0 E = -—2 B
Flgure 5.— Aerodynamlc 1lift and pitehlng-moment coefficients, power off.

Figure G.— Rerodynamic 1ift and »itching moment Taeke off power;.flap
deflection, 20° ‘

(a) Elevator deflection, 0°,
Figure 6.— Continued. ‘
(b) Elevator deflection, ~15%; stebilizer setting, 0°.
Figure 6.— Concluded. ‘
(¢) Elevator deflection, ~20°; stabilizer eetting, 0°.
Pigure T.— Model 2280—&}.. Time historles of landings.
(a) Center of g:cavi"éy, 3l percent M.A.C. o .
Figure 7.— Continued. |
(a) Center of gra.vity 311- percent M.A.C.
Flgure T.~ Gontinued

(b) Center of gravity, 30 percent M.A.C..
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FIGURE LEGENDS -~ Continued

Flgure 7.~ Continued,

’.(b)\ Center of gravity, 30 percent M.A.C,
Figure 7.~ Concluded.

{c) Center of gravity, 26 percemt M.A.C,

Figure 8.— Model 2208C-1. Number of skips and maximm and minimum trim
and rise during landing.

(a) Center of gravity, 3k percent M.A.C.
Figure 8.~ éonﬁinued..

(b) Cemter of gravity, 30 percent M.A.C.
Figure 8.— Concluded,

(c) Center of gravity, .26 pércent M.,A.C,

F.'igure 9.—'Moélel 208D-1, Time histories of landings., Center of
gravity, 34 percent M.A.C.

Figure 10,— Model 228D-l1., Number of skips and maximum end minlmum
trim and rise during landing. Center of gravity, 34 percent M.A.C,

Figure 11.— Modsl 2p8H., Time histories of landings., Center of
gravity, 34 percent M,A.C.

Figure 12,— Model 228H. Number of skips and maximum and minimum trim
and rise during landing. Center of graviity, 34 percen‘b M.A.C,

Figure 13.— Model 228G-1. Time histories of landings. Center of
gravity, 34 percent M.A.C. ' ' '

Figure 1l,— Model 228G—l. Nwber of skips and maximum and. minimum
trim and rise during landing., Center of gravity, 34 percent M.A.C.

Figure 15.— Model 228J-1. Time historles of landings. Center of
gravity, 34 percent M.A.C. - ’

Figure 16.— Model 228J-1, Number of skips and meximum and minimm
trim end rise during landing. Center of gravity, 3k percent M.A.C,

o
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PIGURE IEGENDS — Continued
Figure 17.- Model 228I. Time histories of landings. Center-of gravity,

34 percent M.A.C.

Figure 18.—~ Modsl 208I. Number of skips and meximum.and minimum trim
and rise during landing, Center of gravity, 34 percent M.A.C.

Figure 19.— Model 208C—l. Variation of trim with speed. Gross load,
123.5 pounds; acceleration 1.0 fpsé.

(e) Flap deflection, 0°.
Figure lé.— Continuved,
(a) Flap deflection, o°.
Fi'gure 19.—~ Continued.
(b) Flep deflection, 20°,
Flgure 19.— C&ntinued.
* (b) Fiap deflectiqn, 20 .
Pigure 19.— Continued.
(c) Flap deflection, 4O°,
Figure 19.— Concludsd.
{c) Flap deflection, 40°.

Figure 20.— _ Model 228C-1. Effec'b of fla.p deflection on the take—off
' ‘stebility. Gross load, 123.5 pounds, acceleration, 1.0 fps2,

Figure 21 ,~ Model 2280-—1 Variation of 'I:rim with sneed. at three gross
loads, 8&p = 20°, ecceleration, 1.0 fps2.

.Figure 22.~ Model 2280-—1 Effect of gross load on the take-off
stebility. = 200; acceleration, 1.0 fps2. .

Figure 23.— Model 228C—1. TVariation of trdm wi'bh speed. st two'
accelerations. Gross load. 123.5 pounds; &y = = 20°

Figure 24.~- Model 228C-l, Effect of acceleration on the take-off
gtabllity., Gross load, 193.5 5 pounds: af 20°

sl
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FIGURE LEGENDS ~ Continued . *

Figure 25.— Model 228D-1, Take—off stability, Grosg load, 123.5 pounds;
8p = 20%; amcceleration, 1.0 fps2. o

Flgure 26.— Model 228H, Teke-off stebllity. Gross load, 123.5 pounds;
Bp = 20°; acceleration, 1.0 fps2. ' '

Flgure 27.~ Model 208G-l., Teke—off stability Gross load 123.5 pounds;
8p = 20°; accelerationm, 1,0 fps2. :

Figure 28.g Model 228J-1, Teke—off stebility. Gross load, 123.5 pounds;
8¢ = 20°; acceleration, 1.0 fps@.

Figure 29.- Model 228C-L1, 228G—~1 and 228J-1, Effect of angle of after—
body keel on the take—off gtabillty. Groes load, 123.5 pounds;
8¢ = 20°; acceleration, 1.0 fps2.

Filgure 30.— Model 228I, Take—off gtebllity. Gross load, 123.5 pounds;
Bp = 20°; acceleration, 1.0 fpse

Figure 31l.— Model 208C-1, Variatlon of sxcess thrust and trim with
speed., = 20°; center of gravity, 30 percent mean aerodynamic
chord; take—off power. '

Figure 32.— Model 228J-1., Bow spray photographs. Flap deflection, 20°;
slevator deflections, 0°; center of gravity, 34-percent mean aero—
dynamic chord; take—off power; gross load, 123.5 pounds.

Figure 32.— Model 228J-l, continued.

Figure 32.~ Model 228J-1, continued.

Figure 32.~ Model 228J;l, concluded.

Figure 33.—~ Model 228D—1. Speed. rangs over which spray gtrikes the
propellers end the flaps. Flap deflectlon; 20°; eievator deflection

0°; center of gravity, 30-percent mean aerodynamic chord; taks—off
power.,

Figure 3L4.— Model 228 C~l. . Spray over taill turret neer hump speed.
Flap deflection, 20°; center of gravity. 30-percent mean aerodynamic
chord; take--off power; gross load, 123.5 pounds.
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FIGURE IEGENDS - Concluded

Pigure 35.— Model 228 C-l, Effect of power on spray over tail asseumbly
at speeds near hump. Flap deflection, 20°; center of gravity,

30—percent msan serodynamlic chord; gross load 123.5 pounds,

Figure 36.— Model 228 C~1. Sprey on tall near upper trim limit of
stability. Flap deflection, 0°; center of gravity, 3Ik-percent

3

mean serodynamic chord; take—off power; gross load, 123.5 pounds.

‘e



Figure 1.- Model 228C-1 on towing apparatus.
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FIGURE 2 .- MoDEL 228C-1. GENERAL ARRANGEMENT.
(DIMENSIONS IN INCHES.)
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~—— 6.8°
43.5L >
50.40 o
™ Wodel Position of
Depth of Btep centroid,
it Eeel At Centroid | % MohdC.
inches | % bean | Inches | % beam
228C-1 1.95 18.2 1.70 14.2 51,55
228D~1 R.0B 17.1 1.80 15.0 56.10

{a) Model 228D-1, Step moved afb.

Centrotd, _mi Centrold, /
nodel 228C-1 | nodel 228H

¥ 1

' //' )
E|\

. S——

== 48,5
Lt 50.40
Model | Angle of Position of | Bternmpost
vee, Depth of Step ;mttoid, angle,
deg At Keel At Centroid MohlCo. deg
ches beam | inches Z E 3
228C-1 50 1.85 16.2 1.70 14,2 51,85 8.6
2288 45-1/2 | 225 18.8 1,30 15.0 56.10 .5

NATIONAL ADVISORY
(b) ¥Model 228H. 45%° ~ vee planform of step. COMMITTEE FOR AERONAUTICS

Figure 3 «— Hodificetions to besic model 228C-1,
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17.21

g 2-15°

Center of gravity, £8 percent M.A.C.

2p8J-1
2286~-1

.40
Zcqm-oid at 51.55 percent H.A.C.
Hodel Angle of Sternpost
Depth of Btep afterbody keel, y
At Ke At Centroid degrees degrees

JInche beaxn | inches bean
228C-1 1.95 18.2 1.70 4.2 -1% 1 8.8
226G-1 1.95 16,2 1,74 14.5 5.5 7.8
288J-1 1.5 16.2 1,78 14.8 4.5 8.8

(c) Models £28G-1 and J-1, Angle of afterbody reduced.

U

Center of gravity, 28 percent M.i.C.

w.a

Model Angle of Starnpost
Bepth of Step afterbody keel, angle,
| Ap Keel At Centroid degrees degrees
es b ches
228C-1 1,85 18,2 1.70 4.2 65 8.8
2281 1.58 15,5 1.40 1n.7 5.0 648

Figure 3 += Concluded,

(d) Model 228T, Depth of step snd angle of afterbody keel reduced.

NATIONAL ADVISORY

COMMITTEE FOR
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Fig. 6a

Pitching moment, ft-1lb
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Total 1ift, 1b

itching moment, fi-lb
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Fig. 8b
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NACA RM No. L7E28 Fig. 32
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Trim at rest, 4.0° Trim at rest, 2.3°
(Power off) (Take-off powar)
NACA

T . I AL

8 fps; 4.1°

Figure 32.- Model 228]-1, Bow spray photographs., Flap
deflection, 20°; elevator deflection, 0°; center of gravity,
34-percent mean aerodynamic chord; take-off power;
gross load, 123.5 pounds.

_ NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

LANGLEY MEMORIAL AERONAUTICAL LABORATORY — LANGLEY FIELD. VA.



NACA RM No. L7E28

Fig. 32 cont.

13 fps; 5.8° 14 fps; 6.0°

Figure 32.- Model 228]-1, continued.
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NACA RM No. L7E28 Fig. 32 cont.

Figure 32.- Model 228]-1, continued.
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NACA RM No. L7EZ28 Fig, 32 cone.

Speed, 21.0 fps; Trim, 9.2° 22.0 fps; 9.3°

23.0 fps; 9.4° 24.0 fps; 9.3°

Figure 32.- Model 228]-1, concluded,
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NACA RM No. L7EZ8

Speed, 19.5 fps
Elevator deflection,
-10°

Figure 34.- Model 228 C-1. Spray over tail turret near
hump speed. Flap deflection, 20°; center of gravity,
L -percent mean aerodynamic chord; take-off power;
gross load, 123.5 pounds.
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One~-quarter take-off power Take-off power
Speed, 22.9 fps Speed, 21.0 fps
Trim, 14,1° Trim, 12.0°

Figure 35.~ Model 228 C-1. Effect of power on spray over tail assembly
at speeds near hump. Flap deflection, 20°; center of gravity, 30-percent
mean asrodynamic chord; gross load, 123,56 pounds.
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Spray under horizontal tail

Spray over horlzontal tail
Speed, 34.0 fps Speed, 36.0 fps
Trim, 10.5° Trim, 10,5°

Figure 36.- Model 228 C-1. Spray on tail near upper trim limit of stability.
Flap deflection, 09; center of gravity, 34-percent mean asrodynamic
chord; take~ oiE power gross load, 123.5 pounds.
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